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SIMULATOR FOR OBTAINING MOVEMENTS 

WITHIN SIX DEGREES OF FREEDOM 

Herbert  Kruppik 

This  invent ion  concerns a s imula tor  f o r  ob ta in ing  movements w i t h i n  s i x  - /1* 
degrees  of freedom, e s p e c i a l l y  f o r  a veh ic l e ,  f r e e l y  movable i n  space.  

Such s imula to r s  have a l r eady  become known i n  va r ious  types  of construc-  
t i o n .  The fol lowing arrangements according t o  German p a t e n t s  Nos. 963 491, 
1 026 633, and 1 0 3 3  524 and a l s o  U. S.  p a t e n t s  Nos. 1 825 462, 2 7 1 1  594, 
and 2 885 792 should be e s p e c i a l l y  mentioned here .  A l l  t h e s e  f l i g h t  simu- 
l a t o r s  w i th  s i x  degrees  of freedom show, inasmuch as they are of convent ional  
cons t ruc t ion ,  t h a t  t h e  t h r e e  necessary t r a n s l a t i o n a l  movements are designed 
as s l i d i n g  movements. I f  t h e s e  known s imula tors  are among t h e  so-ca l led  
unconventional cons t ruc t ion  forms, then they  need a d d i t i o n a l  cons t ruc t ion  
elements i n  o rde r  t o  be capable of t h ree  r o t a t i o n a l  and t h r e e  t r a n s l a t i o n a l  
movements. But a l l  t hese  known simulator  cons t ruc t ions  have cons iderable  
disadvantages.  With t h e  convent ional  cons t ruc t ion  forms, i t  is  of import- 
ance,  t h a t  cons iderable  a l t e r a t i o n s  of t h e  equipment are necessary ,  i f  
some degrees  of freedom are supposed t o  be l e f t  out  while  ca r ry ing  out  a 
s imula t ion  program. Furthermore, v i s i b i l i t y  i s  p a r t i a l l y  n o t  good, s i n c e  
t h e  p i e c e  of equipment a l ready  makes too l a r g e  a cons t ruc t ion  necessary ,  
i n  o rde r  t o  be of t h e  requi red  r i g i d i t y .  This  r i g i d i t y  is  q u i t e  d i f f i c u l t  
t o  achieve  wi th  t h i s  kind of equipment. A f u r t h e r  disadvantage is  t h a t  t h e  
m a s s  t o  be  acce le ra t ed ,  a t  least p a r t i a l l y ,  i s  too  l a rge .  Also,  i t  i s  o f t e n  
d i f f i c u l t  t o  i n s t a l l  t h e  d r i v e  s h a f t  and t o  mount t h e  power l i n e s ,  measure- 
ment l i n e s ,  and o the r  supply l i n e s .  These forms of equipment cons t ruc t ion  
need se rv ic ing .  Added t o  t h i s  is t h e  g r e a t  d i f f i c u l t y  i n  t h e  manufacture, 
cons ider ing  t h e  p rec i s ion  requi red .  Moreover t h e  c learance  of t h e  bear ings  
i s  g r e a t e r  and t h e  mass displacement h a s  de t r imen ta l  consequences f o r  t h e  
d r i v e  . 
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Also t h e  unconventional here tofore  known cons t ruc t ion  forms are t o o  
l a r g e .  It is e s p e c i a l l y  disadvantageous h e r e ,  t h a t  i t  i s  ha rd ly  p o s s i b l e  
t o  leave out  degrees  of freedom during t h e  s imula t ion ,  and t h a t  s t e e r i n g ,  
i n  p a r t ,  is  d i f f i c u l t .  I f  one d r i v e  f a i l s  t h e  whole system can hard ly  func- 
t i o n  any longer .  

It is t h e  goa l  of t h i s  invent ion  t o  e l i m i n a t e  a l l  t h e s e  disadvantages 
i n  a s imple,  s a f e ,  and r e l i a b l e  manner. This  is  accomplished i n  such a way 
t h a t  i n  a s imula to r  f o r  ob ta in ing  movements wi th  s i x  degrees  of freedom, 
p a r a l l e l  crank gea r s ,  whose r o t a t i o n a l  axes  can be  s i n g l y  s t a r t e d  o r  s topped,  

*Numbers given i n  t h e  margin i n d i c a t e  pagina t ion  i n  o r i g i n a l  f o r e i g n  t e x t .  
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are connected wi th  a test cabin i n  such a way, t h a t  a t  t h e  most, a t r a n s l a -  
t i o n a l  movement of t h e  test cabin  r e s u l t s ,  bu t  a l l  o t h e r  movements remain 
r o t a t i o n a l  and t h e  s imula t ion  program i s  only va r i ed  through a change i n  t h e  
gear  r a t i o .  

Now, t h e  l eav ing  out  of degrees  of freedom does no t  involve  any longer  
r a d i c a l  changes i n  t h e  whole cons t ruc t ion  of t h e  s imula tor .  The d r i v e  s h a f t  
mechanisms which t r i g g e r  t h e  r e spec t ive  degree of freedom are t o  be de t e r -  
mined, whi le  t h e  propuls ion  means are then e l imina ted .  Also, v i s i b i l i t y  i s  
g r e a t l y  improved through t h i s  invent ion ,  because i n  moving t h e  t u r r e t  o r  t h e  
cockp i t ,  no cons t ruc t ion  p a r t s  of t h e  movement system o b s t r u c t  v i s i b i l i t y .  
Aside from t h e  one t r a n s l a t i o n a l  movement i n  t h e  x-axis ,  t h e  measures taken 
by t h i s  i nven t ion  make a l l  t h e  rest of t h e  degrees  of freedom p o s s i b l e  
through r o t a t i o n a l  movements, because i n  s imula to r s ,  and e s p e c i a l l y  i n  f l i g h t  
s imula to r s  wi th  s i x  degrees  of freedom s m a l l  ways and angles  are completely 
s u f f i c i e n t .  

- 13 

I n  a f u r t h e r  advantageous cons t ruc t ion  form of t h e  inven t ion  i t  is  pro- 
vided t h a t  t h e  two p a r a l l e l  crank gears ,  which are ver t ica l  t o  each o t h e r ,  
are j o i n e d  t o  a double crank gear  and/or a p a r a l l e l  double crank gear  f o r  
t h e  accomplishment of only r o t a t i o n a l  movements i n  a l l  s i x  degrees  of f r ee -  
dom. By t h i s  measure of t h e  invent ion t h e  equipment has  been f r e e d  from 
a l l  s l i d e  motion guides ,  which are always expensive and r e l a t e d  wi th  l o s s  
of e f f e c t i v e n e s s .  Only r o t a r y  bear ings are used. This  r e s u l t s  no t  only i n  
a s imple and inexpensive p o s s i b i l i t y  of cons t ruc t ion ,  bu t  i t  a l s o  r e s u l t s  
i n  an almost c learance- f ree  and exac t  pos i t ion ing .  It a l s o  is  important 
t h a t ,  con t r a ry  t o  t h e  apparatus  wi th  s l i d e  motion guides ,  t h e  m a s s  i t s e l f  
is  no t  d i sp l aced  dur ing  movement. 

I n  a f u r t h e r  development of t h e  invent ion i t  is proposed t o  provide a 
se l f -conta ined  cons t ruc t ion  u n i t  wi th  i ts  own propuls ion ,  f o r  each degree of 
freedom. This  means t h a t  s imula t ion  movements i n  t h e  d i r e c t i o n  of t h e  y- 
and z-axis ,  can be accomplished without co r rec t ion .  The s m a l l  dev ia t ions  
from t h e  s t r a i g h t  l i n e ,  dur ing  movement i n  t h e  y- and z -d i r ec t ion ,  i f  nec- 
e s sa ry ,  can be e l imina ted  by a cor rec t ion  i n  t h e  x-d i rec t ion .  I f  one d r i v e  
f a i l s ,  t h e  rest of t h e  d r i v e  s h a f t s  remain capable  of func t ion ing .  

Fu r the r ,  it has proven t o  be advantageous t h a t  t h e  g r e a t  crank of t h e  
double crank gea r ,  and t h e  s m a l l  crank, which is  formed as an e c c e n t r i c ,  
can t u r n  a t  t h e  same t i m e  i n  a f i x e d  gear  r a t i o  t o  each o t h e r ,  and t h a t  t h e  
gear  elements of t h e  p a r a l l e l  crank gear l i n e a r l l y  are i n f i n i t e l y  variable 
The i n f i n i t e  v a r i a b i l i t y  of t h e  torque t o  t h e  c e n t e r  of g r a v i t y  of t h e  
t u r r e t  h e r e t o f o r e  w a s  only p o s s i b l e  by us ing  a computer. Following t h e  
arrangement, as s p e c i f i e d  i n  t h e  invent ion,  such a machine is  no longer  
necessary  f o r  t h i s  purpose. 
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I n  an e s p e c i a l l y  advantageous app l i ca t ion  of t h e  inven t ion ,  an angular  
f reely-swinging p l a t fo rm i s  connected t o  t h e  p a r a l l e l  crank gear  f o r  t h e  
movement of t h e  system i n  t h e  y-axis o r  wi th  t h e  p a r a l l e l  crank gear  f o r  
t h e  system movement i n  t h e  z-axis.  This measure r e s u l t s  i n  opt imal  condi- 

2 



t i o n s  f o r  v i s i b i l i t y .  

It i s  f u r t h e r  proposed t o  equip the angular  p la t form,for  i n s t a n c e ,  wi th  
means f o r  t h e  in te rchangeable  mounting of t u r r e t s  of va r ious  s i z e s  and forms 
of cons t ruc t ion ,  o r  of o t h e r  t e s t  objec ts .  The i n t e r c h a n g e a b i l i t y  of t h e  
o b j e c t s  is  g r e a t l y  helped by t h e  easy access ,  because of t h e  f r e e l y  swing- 
i n g  arrangement of t h e  angular  platform. 

Fur ther  d e t a i l s  and advantages of t h e  invent ion  are expla ined  i n  t h e  
fol lowing d e s c r i p t i o n  of two model cons t ruc t ions ,  .~ as w e l l  as i n  t h e  drawings. 

Figure 1 shows a view of a model of the invent ion  i n  t h e  r e p r e s e n t a t i o n  of t h e  
opera t ing  system 1. 

Figure 2 shows t h e  p a r t i a l l y  cu t  view of a model of t h e  inven t ion ,  i n  conform- 
i t y  with  Figure 1, wi th  a s p e c i a l  view of t h e  d r i v e  s h a f t .  

Figure 3 shows t h e  schematic r ep resen ta t ion  of t h e  model as i n  F igure  1 wi th  
t h e  p o s s i b i l i t y  of f o u r  systems of movement, as w e l l  as t h e i r  mount- 
ing.  

Figure 4 shows t h e  schematic representa t ion  of t h e  second model form, wi th  t h e  
p o s s i b i l i t y  of f o u r  systems of movement, as w e l l  as t h e i r  mounting. 

/5 Figure  5 shows t h e  schematic r ep resen ta t ion  of t h e  movement phases of t h e  
para l le logram system of t h e  s imula tor  dur ing  t h e  i n f i n i t e  v a r i a t i o n  
of t h e  d i s t ances  of t h e  y- or  z-axis from t h e  c e n t e r  of g r a v i t y  S 
of t h e  t u r r e t .  

The example of t h e  s imula to r  model, shown i n  Figures  1 and 2 i s  i n  a 
p o s i t i o n  t o  c a r r y  o u t ,  r o t a t i o n a l l y ,  the system movements 1, shown i n  F igures  
3 and 4, according t o  t h e  degree of freedom 9,  2 according t o  $ orl$', 3 accord- 
i n g  t o ' g  o r  $, 4 according t o  t h e  degree of freedom f o r  t h e  z- o r  y-axis,  re- 
s p e c t i v e l y ,  and 5 f o r  t h e  y- o r  z-axis,  whi le  t h e  system movement 6 accord- 
i n g  t o  t h e  degree of freedom f o r  t h e  y-axis t akes  p l ace  t r a n s l a t i o n a l l y .  I n  
t h i s  model example, t h e r e f o r e ,  only one s l i d i n g  movement is necessary  f o r  
t h e  s imula t ion ,  whereas a l l  o the r s  are  t u r n i n g  movements. The cons t ruc t ion  
of t h e  s imula tor  c o n s i s t s  of t h e  following: 

I n  a s t and  10 ,  which i s  movable i n  a s l i d e  guide 11 i n  t h e  d i r e c t i o n  of t h e  
x-axis,  rests a l a r g e  u n i v e r s a l  j o i n t  12 ,  which a t  t h e  same t i m e  receives a 
to r s ion -  and bending-r igid,  ho r i zon ta l ly  placed a r m  13 and t h e  h o r i z o n t a l l y  
p laced  p a r a l l e l  crank 14. A t  t h e  other  end of t h e  arm 13 t h e r e  is  a s m a l l  
u n i v e r s a l  j o i n t  15. The rods 16 connect f l e x i b l y  t h e  small u n i v e r s a l  j o i n t  
15 and t h e  p a r a l l e l  crank 14. 
as a support  f o r  t h e  suppor t ing  frame 17 of a p l a t e  18. A n  angular  p la t form 
19  is  p i v o t a l l y  mounted on t h i s  p l a t e  18. 
f o r  f a s t e n i n g  and hold ing  20 f o r  a turret 21. The p a r a l l e l  crank 22 is  
represented  by t h e  angular  bend of the p l a t e  18. 

The un ive r sa l  j o i n t  15 a t  t h e  same t i m e  serves 

On t h e  p l a t fo rm 19  are t h e  means 

On t h e  l a r g e  u n i v e r s a l  
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j o i n t  12 rests t h e  p a r a l l e l  crank 23 .  The rods  24 connect p a r a l l e l  crank 22 
and 23 f l e x i b l y  wi th  each o ther .  In t h i s  way t h e  arrangement of t h e  arm 13 
wi th  t h e  p a r a l l e l  crank 14, wi th  t h e  small u n i v e r s a l  j o i n t  15 ,  w i th  t h e  rods  
16 and t h e  arrangement of t h e  arm 13 with t h e  p a r a l l e l  crank 22, w i t h  t h e  
p a r a l l e l  crank 23 wi th  t h e  rods 24, form two para l le lograms,  ver t ica l  t o  each 
o the r .  

/6 

These two para l le lograms are t h e  basic p r i n c i p l e  of t h i s  s imula to r  con- 
s t r u c t i o n .  These para l le lograms,  i n  respec t  t o  t h e  technology of g e a r s ,  re- 
p resen t  two p a r a l l e l  crank gears  13, 1 4 ,  15, and 16 ,  and 13 ,  22, 23, and 24. 
Each of t h e s e  p a r a l l e l  cranks is capable of t r i g g e r i n g  t h e  movements f o r  two 
degrees  of  freedom, once f o r  t h e  way by t o r s i o n a l  movement around t h e  two 
f i x e d  p o i n t s  and t h e  o the r  f o r  t h e  angle by r o t a t i n g  one f i x e d  po in t  around 
t h e  o t h e r  f ixed  po in t .  

Through t h e  two paral le lograms 13, 14,  15,  and 16 ,  and 13, 22, 23, and 
24 t h e  movements f o r  t h e  degrees of freedom 3, 9, y and z are reached. I n  
t h e i r  sequence they  are dependent on the chosen system of movement (Fig.  3). 
The d r i v e  s h a f t  25 d i r e c t l y  steers the  movement of t h e  s t a n d  10 and t h e  d r i v e  
s h a f t  26, t h e  one of t h e  angular  platform 19 ,  whi le  t h e  movement of t h e  l a r g e  
u n i v e r s a l  j o i n t  12 ,  t h e  a r m  13, t h e  rods 16  and 24 are s t e e r e d  through t h e  
d r i v e  s h a f t s  27, 28, 29, and 30 by means of in te rmedia te  elements 31, 14 ,  and 
23. The l a r g e  u n i v e r s a l  j o i n t  1 2 ,  as is shown i n  Figure 2 ,  can be s t e e r e d  
d i r e c t l y  through d r i v e  s h a f t  27 o r ,  f o r  i n s t a n c e ,  i n  an hydrau l i c  construc-  
t i o n  by way of in te rmedia te  elements.  

F igure  4 shows t h e  p o s s i b i l i t i e s  of movement systems and t h e i r  construc-  
t i o n  i n  a second model of t h e  invented s imula tor .  In s t ead  of t h e  s t and  10 ,  
which runs i n  a s l i d e  11, t h i s  model has a double crank gear  32 and/or  a 
p a r a l l e l  double crank gear  33 and 34. 
i n  t h e  l a r g e  crank 32 o r  i n  t h e  rods 35, of one of t h e s e  gea r s .  The f u r t h e r  
cons t ruc t ion  corresponds,  i n  p r i n c i p l e ,  t o  t h e  arrangement of t h e  f i r s t  model. 

The l a r g e  u n i v e r s a l  j o i n t  12 is placed 

Th i s  s imula to r  cons t ruc t ion  again i s  cha rac t e r i zed  by t h e  two, mutual ly  
perpendicular  para l le lograms,  formed by t h e  p a r a l l e l  crank gea r s  13, 14, 15, 
and 16,  and 13, 22, 23, and 24. Added t o  t h e s e  gears  is now a double crank 
gear  32 and/or  a pa ra l l e l  double crank gear  33 and 34. I n  t h i s  way, s t r a i g h t  
l i n e  movements are rep laced  by r o t a t i o n a l  movements and a l l  s l i d i n g  movements 
are avoided. The dev ia t ions  from a s t r a i g h t  l i n e ,  as tests have shown, ex- 
tend only t o  a f e w  t e n t h s  of a mil l imeter .  

/7 

Since  t h e  p r i n c i p l e  of both gears  is t h e  same, i t  i s  only necessary t o  
d e s c r i b e  t h e  double crank gear  32. Its l a r g e  crank 32 ,  33, o r  34, i s  r e s t i n g  
on a p i v o t ,  which is  formed e c c e n t r i c a l l y  and t h e r e f o r e  forms a small crank 
36. The base  37 of t h e  e c c e n t r i c  r e s t s  f i rmly  on t h e  f l o o r .  

I f  t h e  e c c e n t r i c  i t s e l f  would be s t a t i o n a r y ,  t h e  end p o i n t  of t h e  l a r g e  
crank 32 would, when tu rn ing ,  descr ibe  a c i r c u l a r  arc. Now, however, t h e  
he igh t  dev ia t ion  of t h e  end po in t  from a s t r a i g h t  l i n e  i s  compensated by t h e  
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simultaneous t u r n i n g  of t h e  e c c e n t r i c .  For mechanical reasons,  i t  i s  nec- 
e s s a r y  t h a t  t h e  e c c e n t r i c  move i n  a l a r g e r  c i r c u l a r  arc than  t h e  l a r g e  
crank,  which again r e s u l t s  i n  t h e  simultaneous t u r n i n g  of t h e  crank and 
t h e  e c c e n t r i c ,  however, i n  a f i x e d  conversion r a t i o .  The d r i v e  s h a f t  of 
t h e  e c c e n t r i c  i s  s t e e r e d  by t h e  l a r g e  crank, which aga in  is  dr iven  i n  a 
l i n e a r  f a sh ion ,  p a r a l l e l  t o  t h e  s t r a i g h t  l i n e  formed by t h e  end po in t .  

A s  a r e s u l t  of t h e  measures i n s t i t u t e d  i n  t h i s  i nven t ion ,  i t  is  poss i -  
b l e  f o r  a s imula to r  w i th  p a r a l l e l  crank gea r s  t o  i n f i n i t e l y  vary t h e  d i s -  
t ance  of t h e  y- and z-axes, r e spec t ive ly ,  from t h e  c e n t e r  of g r a v i t y  S of 
t h e  t u r r e t  21. A computer i s  no longer necessary  t o  do t h i s .  

Tests  have shown t h a t  t h e  g rea t e s t  d e v i a t i o n  from t h e  a c t u a l  va lue  t o  /8 
t h e  t h e o r e t i c a l  va lue  of t h e  e n t i r e  r o t a t i n g  arm i s  s o  small  t h a t  i t  can be 
neg lec t ed ,  s i n c e  manufacturing and other  t o l e r a n c e s  are of t h e  s a m e  o rde r  
of magnitude . 

Figure  5 i l l u s t r a t e s  some movement phases of t h e  para l le logram system 
f o r  t h e  i n f i n i t e  v a r i a t i o n  of t h e  d i s t ance  of t h e  y- and z-axes, r e s p e c t i v e l y ,  
from t h e  c e n t e r  of g r a v i t y  S of t h e  t u r r e t .  

Pa t  en  t C l a i m s  

1. Simulator  f o r  ob ta in ing  movements i n  s i x  degrees  of freedom, e s p e c i a l l y  
f o r  a v e h i c l e  f r e e l y  movable i n  space, cha rac t e r i zed  by t h e  f a c t  t h a t  
p a r a l l e l  crank gears ,  whose turning axes can be i n d i v i d u a l l y  s t a r t e d  
o r  s topped,  are connected t o  a test cab in  i n  such a way t h a t ,  a t  t h e  
most, one t r a n s l a t i o n a l  movement of t h e  test cabin  r e s u l t s ,  bu t  t h a t  
a l l  o t h e r  movements are r o t a t i o n a l  and t h e  s imula to r  program can be 
v a r i e d  through changes i n  t h e  gear conversion r a t i o s .  

/9 

2. A s imula to r  i n  accordance wi th  claim No. 1 charac te r i zed  by t h e  f a c t  
t h a t  t o  t h e  two mutually v e r t i c a l  paral le l  crank gears  (13, 14 ,  15 ,  and 
16,  and 13, 2 2 ,  23, and 24) t h e r e  is  added a double crank gear  (32) and/ 
o r  a p a r a l l e l  double crank gear  (33 and 34) f o r  t h e  execut ion of ro t a -  
t i o n a l  movements i n  a l l  s i x  degrees of freedom. 

3. A s imula to r  i n  accordance wi th  claims Nos. 1 and 2,  cha rac t e r i zed  by t h e  
fac t  t h a t  f o r  each degree of freedom a se l f -conta ined  cons t ruc t ion  u n i t  
w i th  i t s  own d r i v e  is  provided. 

4. A s imula to r  i n  accordance wi th  one o r  more of t h e  preceding claims Nos. 
1 t o  3, cha rac t e r i zed  by t h e  f a c t  t h a t  a l a r g e  c rank  (32, 33, o r  34, 
r e s p e c t i v e l y )  of a p a r a l l e l  double crank gear  (33 and 34) and a s m a l l  
c rank  (36) ,  formed as an e c c e n t r i c ,  can t u r n  s imultaneously i n  a f i x e d  
gear  conversion r a t i o .  

5. A s imula to r  i n  accordance wi th  one o r  more of t h e  claims Nos. 1 t o  4 ,  - / 10 
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cha rac t e r i zed  by t h e  f a c t  t h a t  t h e  gear  elements of t h e  p a r a l l e l  crank 
gea r s  (13, 1 4 ,  15,  and 16 ,  and 13 ,  22, 23, and 24) are i n f i n i t e l y  
v a r i a b l e  i n  length .  

6 .  A s imula to r  i n  accordance wi th  one o r  more of t h e  claims Nos. 1 t o  5 ,  
cha rac t e r i zed  by t h e  f a c t  t h a t  t o  the  p a r a l l e l  crank gea r  (13, 1 4 ,  15 ,  
and 16)  for t h e  movement of t h e  system i n  t h e  z-axis,  t h e r e  i s  a t t ached  
a f r e e l y  p r o j e c t i n g  p l a t fo rm (19),  f o r  i n s t a n c e ,  an angular  one. 

7. A s imula to r  i n  accordance wi th  claim 6, cha rac t e r i zed  by t h e  f a c t  t h a t  
t h e  angular  p la t form (19) is equipped wi th  means (20) f o r  t h e  i n t e r -  
changeable attachment of t u r r e t s  ( 2 1 )  of va r ious  s i z e s  and forms of 
cons t ruc t ion ,  o r  of o t h e r  o b j e c t s  t o  be t e s t e d .  * 

This  t r a n s l a t i o n  w a s  prepared f o r  t h e  Nat iona l  Aeronautics and Space 
Adminis t ra t ion  by INTERNATIONAL INFORMATION INCORPORATED under c o n t r a c t  
NASW-1499. 

6 



f 
x 

7 



. .  . 

8 



- ,  '. 
' /  

Hg.3 Degree of , Sequence . of, * I  I ' Movem'e'ri I"" 

9 

Y 
z 

x 

3 r o t a t i o n a l  

5 rotational 
{ r o t  a t  l o n a l  

6 t r a n s l a t i o n a l  

4 {;:);;;:::; 

9 1 
3 2 
3r 3 

cp 
3r 
3 
Y 
Z 

X 

4 

" ... ,. . ., 
I ,  

. .  

1 
2 
3 
4 
5 
6 

9 



FIGURE 3 Continued 
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FIGURE 5 Continued 
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